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EFFECTIVENESSOFCERAMICCOATINGSINREDUCINGCORROSION

OFFIVEHEAT-RESISTANTALLOYSBYLEAD-HROMIDEVA20RS

ByDwightG.MooresndMaryA.Mason

Leadc~ounds inthecombustionproductsofhigh-octanefuelhave
beensuspectedofbeinga contributingfactorincausingfailuresof
theheat-resistantalloypsrtsinaircraftexhaustsystems.Theprin-
cipalleadcompoundpresentintheexhaustgasesisleadbromidePbBr2
anditwasdesirabletodeterminewhetherthiscompound,whichispresent
in~thewpor stiteat operatingtemperatures,couldbe corrosivetoward
thesealloywunderlaboratorytestconditions.Itwasalsodesirableto
findoutwhetherceramiccoatings,wtichhavebeenusedsuccessfullyon
someaircraftexhaustparts,wereprotectiveagainstsuchcorrosionas
mightoccurundertheseconditions.

To obtaintheseanswersforfiveheat-resistantalloys,a testwas
devisedinwhichthealloyspecimens
(b)ina preoxidizedcondition,and
coatingswereexposedfor6 hoursto
attemperaturesof1350°,1500°j and
a fairlyrapidcorrosionaccompanied
onboththeuncoatedandpreoxidized

(a)in snuncoatedcondition,
c)withthreedifferentceramic
I%Bravaporsinan airatmosphere
16500F. Undertheseconditions,
by a lossofthicknessoccurred
alloys,butonthespecimensthat

werecersmic-coatedno significantattacktookplace.

Theresultsmsybe summarizedasfollows:

(1)Largedifferencesintheresistancesoftheseveralalloysto
attackbyPbBr2werenoted,alloysS-816,H.S. 21, andInconelbeing
moreresistantthanthetwochromium-nickel,austenitic-ty-pestainless
steels,19-9DLW AISI Type347

(2) Preoxidationofthealloyspriortotesttendedtoretardthe
corrosiveactionofPbBr2fora shorttime,afterwhichtheattack
proceededatabut thessmerateasfortheuncoatedspecimens

(3)Certiccoat~s appearedtobe inerttothePbBr2fumes~d
thussuccessfullyinhibitedcorrosionofthealloysforthefull6-hour
testperiod
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INTRODUCTION

NACATN 2380 .

LeadbromidePbBr2ispresentintheexhaustgasesfromsll
enginesthatusea leadedgasolineasfuel. Theleadis“addedto the
fuelastetraethylleadandatthessmetimeethylenedibromideis
introduced.Thepurposeoftheethylenedibromideisto actas a
scavengingagent,thatis,to converttheleadoxide,whichwould
otherwisebeformedduringcombustion,intoPbBr2,whichhasa consid-
erablyhighervaporpressurethanleadoxideandisthereforemore
easilypassedthroughtheexhaustsystemasa vapor.

TheeffectofPbBr2fumesonthecorrosionrateofheat-resistant
alloysatelevatedtemperatureshasbeeninvestigated,butthereisno
acceptedconsensuswhethertheeffectonthealLoyscurrentlyusqdfor
aircrsftexhaustsystemsis signM?icant.A fewexploratorytests,made
attheNationalBureauofStandardsusingPbBr2vaporsinairat1500°F,
indicatedthatthealloysundertheseconditionswereappreciably
attacked.Further,theseexploratorytestsshowedthata cersmic
coatingsuccessfullyinhibitedthecofiosion.Theseresultswarranted
additionalworkandthepresentrepofigivesthedataobtainedfromthe
morecompletestudy.

Thetivestigationashereinreportedwascarriedoutatthe
NationalBureauof Standardsunderthesponsorshipandwiththefinan-
cialassistanceoftheNationalAdvisoryCommitteeforAeronautics.

Theauthorswishto expresstheirgratefulappreciationto
Mr.W. N.Harrison,underwhosedirectionthestudywasconducted,for .
hishelpfulsuggestionsthroughouttheinvestigationandalsoto
Mr.J.W. Pittswhopreparedthemetallographicsections.

A literaturesurveyindicatedthatstudiesofcorrosionbyPbBr2
hadbeenconfinedessentiallyto theeffectofdepositsoncombustion
chsmbers,sparkplugs,@ valves(references1 to 3). Therehavebeen
veryfewpublicationsonthecorrosioneffectsofleadcompoundsupon
exhaustdisposalsystems.Oneoftheearliestreportswaspublished
in1930by Heron(reference4). Thiswork,whichwasreportedshortly
aftertheadoptionofleadedgasolineby theUnitedStatesAirCorps,
involvedburningleadedamdunleadedgasolinesinblowtorches,the

flamebeingpassedthroughpipes1* inchesindiameterand24 inches

long. Thetestwasof20hours’durationandduringthisperioda
6-inchzoneofthepipewasmaintainedata “redheat.” Underthese
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testconditions,slightlymorescalewasformedontid steelpipes
withtheleadedfuelthanwiththeunleadedfuel. Inaddition,the
scaleformedwiththeleadedfuelwasdecidedlylessadherentthan
thatformedwithunleadedfuelanditteddedtoblowoutofthedis-
chargeendofthepipeduringtest.

Inothertestsreportedby Herontheethylene-dlbromidecontent
ofthegasolinewasretainedbutno tetraethylleadwaspresent.In
thiscase,theattackwasthesameasforthefuelcontainingneither
addition,indicatingthatthepresenceoftetraethylleadinthegas-
olinehadbeenresponsiblefortheobservedincreaseinattack.Because
ofthisfinding,Heronbelieveditdesirableto determinethecorrosion
effectsofPbBr2onvariousalloysatelevatedtemperaturesinanair
atmosphere.Inthiswork,0.3gramofPbBr2wasplacedonthesurface
ofeachspecimen,sndthespecimenswerethenheatedinairfor2 hours
intherangeof700°to 1000°F. Theamountof attack,whichwasesti-
matedby visualexamination,vsriedovera widerange,dependingonthe
alloy.OthertestsweremadeinwhichPbBr2wasdroppedonthesurface
ofthealloy,maintainedat a redheat. b ~scussingtheselatter
testsHeronstatesthat,whilesuchtreatmentsareprobably“too

(

drastic,”theresultsareneverthelessin genqalaccordwithtestson
tubesad experiencewithvariousmaterialsin service.

K3rtchik(reference5),in studyingtheintergranulsrcorrosion
thatoccursone~st-system superchargernozzleboxes,concludedthat
theattackwascausedbythecombinationofwaterandleadhalideon
thesurfaceofthealloy.Thewaterisformedby condensationfrom
cooledexhaustgasesorfromtheatmosphereduringperiodsinwhich
theaircraftis inactive,whilethePbBr2isdepositedduringengine
operation.Theattackoccursduringsubsequentheattig.Accord3ngto
Krtchik’sexpertientslead-halidefumes,by themselves,donotattack
theheatedalloysand,also,leadhalideinwatersolutiondoesnot
attackthealloysatordinaryroomtemperature.

Wil_kes(reference6),afterstudyingstress-corrosionofturbo-
superchargeralloysintheproductsof combustionofleadedgasoline,
~stulatedthatthecorrosionmightbe dueto leadoxidepbOalone,
themagnitudeofattackdependingonwhetherornotit ismolten.
AccordingtoWilkes,thePbBr2,whichisalsopresentintheekhaust
gases,mightgreatlyaidtheproductionofa PbO-bearingliquiddeposit.

Heron,Harder,sndNestor(reference7),indiscussingthehigh-
temperaturescalingofexhaust-vslvealloys,statethatcorrosionby
vaporsofleadcompoundsappearstobeunimportant.Howe&r,thesesame
authorsalsostatethat,whilesomeoftheexhaust-valvematerialsof
relativelylowslloycontentformsurfacefilmswhichareinerttomost
oftheproductsof combustion,thessmealloysareexceedinglyreactive
withthecombustionproductsofleadantilmockfluid.Thesecombustion

-.— — -. —._ — —. .—
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products,accord@ totheauthors,areleadhalides,leadmyhal.ides,
leadoxide,andleadsulfate. ‘,

~194-6,Heron(reference8), in discussingtheoperatingdiffi-
cultiesofaircrsftengineswithfuelscontaidngtetraethyllead,
statesthat‘thepipes,ducts,etc.carryingtheexhaustgasesfromthe
cylinderstotheatmosphere(oftenviaan exhaustgasturbinedriving
a supercharger)areattacked
whichthepipes,ducts,etc.
operatingtemperatureistoo

by leadcompoundsifthematerial(from
aremade)isunsuitableor ifthe
high.“

IaTmlms”

KUoy specimens.-Fivealloyswereincludedinthepresentstudy,
namely,AISIme 347and19-9DLstainlesssteels,bccxlel,S-816,
andH.S.21. Representativecompositionsofthefiveslloysaregiven
intable1.

Thespectiens,whichwereshesredfromid-gagesheets,were~ inch

wideby 1* incheslongwitha !5—inch holecenterednesroneend. The k
32

spectienswerecleanedby a lightsandblastandthendividedinto5 sets
of 30specimenseach. Oneofthesesetswastestedwithno further b
treatment,a secondsetwaspreoxidizedfor4 hoursinairatthetest
temperature,andtheotherthreesetswereceramic-coated.

Q2Q?%E”- ‘lhethreeceramiccoatingsselectedfortestwere
prepuredbytheNationalBureauofStandardsanddesignatedA-417,
A-19,=d A-520.Thesecoatings,whichsresllbeingusedcommercially,
wereappliedtothespecimensby dipping,afterwhichtheywerebonded
tothealloyby firingtothepro~ermaturingtemperatures.Theaverage
thictiessessfterfiringwere0.0017inchforA-417,0.0042inchforA-19,
and0.0012inchforA-520.

Thecompositionsofthethreecoatings,togetherwiththedetails
ofapplication,aregivenintable2.

ExPERmAL Procedure

Thetestmethodemployedinthepresentstudyinvolvedtheuseof
thefurnaceshowndiagrammaticallyinfigure1. Inperforminga test,
thefurnacewasfirstheatedto oneoftheselectedtemperatures(1350°.
1500°,ori6~0 F) andallowedto cometo equilibrium.‘Theltd&-the~
removedand1 grsmof chemicallypurePbBr2waschargedintothefurnace

.————
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beforea secondlid,witheightspecbns susyendedas showninfig-
ure1,wasquicklyputintoposition.Thechargingwasdonein sucha
waythatonlythevaporformofthePbBr2couldcomeintocontactwith
thespecimensduringthel-hourheatingperiod.Thetemperaturewas
controlledto*7°l?.

Afterthisheat&gperiod,thespecimenswereremovedfromthe

furnaceandthebottom’~-inchstripofeachspecimenwassandblasted
toremovetheceramiccoatingorthescale,asthecasemightbe. The
thicknessofmetalatthismea wasthendeterminedwitha micrometer.
Thedecreaseinalloythicknesscausedby thetypeofmndblastrequired
toremovethescalewas-foundineachcasetobe lessthan0.2roil.

Aftercompletingthethiclmessmeasurements,thesamespectiens
wereplacedinthefurnacefora secondtreatmentunderconditions
identicalwiththoseofthefirsttreatment.Attheconclusionofthe

l-hourheating,theywereremovedanda second~-inchstripadjacentto
4

thefirststripwascleanedforthiclmessmeasurements.Thisprocedure
wasrepeatedfouradditionaltimes,oruntil6 hoursoftreatmenthad
beenaccumulated.

Inmostcasesduplicatespecimenswereemployed.However,for
Jhconel,intheunoxidizedandpreoxidizedcondition,sixspecimens
wereusedinorderto establishbettertheeffectoftestingtimeon
theprotectivepropertiesofthepretiidizedlayer.

I?uringanyofthel-hourtreatments,thePbBr2concentrationin
thefurnaceatmospherewashighimmediatelyafterthe@ecimenswere
insertedbuttheconcentrationundoubtedlydiminishedwithtime. The
furnacewassoconstructedthataircirculationwaslimited,airentering
forthemostpartthroughthethermocoupleholeatthebottomandleaving
throughtheholesintheloose-fittinglidatthetop. Inasmuchasthe
purposeofthetestswasto determinetheeffectivenessof ceramic
coatingsinpreventingPbBr2attack,no attemptsweremadeto control
concentrationswithinthefurnaceotherthantousethesamefurnace
throughoutandto standardizeboththemethodofchargingthePbBr2
andthemethodofinsertingthespecimensintothefurnace.

RESULTS

Figure2 showsthea~srance of coated,uncoated,@d preoxidized
specimensofAISIType347stainlesssteelafter6hours’treatment

he ssm.dblastingwasdonewith60-meshglasssandandwithan air
pressureof 80psi.

_— .._.— . .—
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at1650°F. Forthisparticulartest,thespecimenswereleftinthe
furnacecontinuouslyforthe6-hourperiodat1650°F. Hourlycharges
of1 gramofPbBr2weremadethroughanalloytubeinsertedintoa hole
inthelid. InthiswaythePbBr2waspreventedfromcomingintocon-
tactwiththespecimensuntilitwasb thevaporform.As canbe seen
h thephotograph,nearlysllofthescaleflakedfromtheuncoatedand
preoxitizedspechensaftercooling,whereasonlya verymildflaking
oftheA-417coatingoccurrednesrareasofpoorinitial.coverageat
thetopandbottomedges.

Lossinweight.-Underthetestconditionsused,thescalethat
formedonmostofthealloyscouldnotbe completelybrushedfreeof
thealloy.bthe caseof Ihconelthathadbeentreatedat1500°F it
wasfoundthatscsleremovslcouldbe readilyaccomplishedby brushing,
andhenceloss-in-weightdeterminationsweremadefora fewInconel
spectiens.Figure3 showsthelossinweightofthisalloyplotted
agdn.sttimeoftreatmentinthePbBr2atmosphereat1~0° F as com-
paredwiththesamealloywithcoatingA-k17.No significantweight
_ wasnotedforhconelcoatedwithA-k17afterexposuretothe
PbBr2vaporsfor6 hours,butinthesameperiodtheuncoatedInconel
lostabout160milligramspersquarecentimeter.ofexposedsurface.

Lossh thicbess.-Theloss-in-thicknessdataforthefivealloys
sfterexposurefor6 hoursto thePbBr2vaporsin anairatmosphereat
thethreetesttemperaturessregivenintable3. Thesedatainclude
theaveragethicknesslossesfortheuncoatedspecimens,thepreoxidized
specimens,andthespecimensprotectedwithvariousceramiccoatings.

Figures4.to 6 showtheaveragethiclm.esslossplottedagainst
treatmenttimeateachofthethreetemperaturesforuncoatedAISI
!&pe347stainlesssteelsndforboththeuncoatedandpreoxidized
specimensof bconel.

Spectrochemicalanalyses.-Spectrochemicalanalysesweremadeof
scalecollectedfromuncoatedspectiensofeachalloyafterexposueto
thePbBr2vaporsinairat1~0° F. Table4 givestheresultsofthese
analysestogetherwiththeanslysesofthealloysurfaceswhichhad
beencleanedofallremnantsof adheringscaleby a lightsandblast.

Microstructure.-Figures7 and8 showthemicrostructureof ~
uncoatedspecimensofallfivealloysafter6 hoursttreatmentat1500”F.

DISCUSSIONOFRESULTS

Table3 shows
ofadlfiveslloys

that,althoughtheuncoatedandpreoxidizedspecimens
wereattackedby thePbBr2vaportnan airatmosphere
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atallthreetesttemperatures,therewasneverthelessconsiderable
variationinthedegreeofattack.Ofthefiveuncoatedalloyswithout
preoxidation,S-816am.dInconelshowedthebestresistanceat1350°F,
H.S.21 at1500°F, andbconelat1650°F. Theuncoatedandpreoxidized
specimensofAISIType347andthe19-9DLstainlesssteelswerenotably
lessresistantto thetestconditionsatalltesttemperaturesthanwere
theotherthreealloys.

Cersmiccoatingsinallcaseswereeffectiveininhibitingthe
alloyattackby thePbBr2vapor.Althoughthereappesxedtobe no
sigrdficantdifferencesmongthethreecoatingsinthisrespect,there
wasa tendencyfortheA-19sndtheA-520toloseadherenceon the
AISI‘Type347andthe19-9DLstainlesssteels,especiallyatthe1650°F
testtemperature.TheA-417didnotshowthiseffectexceptnearthose
areaswheretheinitialcoveragehadbeenpoor.

Table3 alsoslIowsthattheaveragedecreaseinthiclmessofthe
coatedspecimenswasl.1.milsorlessinallcases.Microscopicexami-
nationof sections,ontheotherhand,indicatedno lossofthickness.
Thus,it isbelievedthatthenecessityfora sandblasttreatmentto
removethecoatingwasresponsibleforthesnialllossesrecordedfor
thecoatedspecimens.Inthecaseoftheuncoatedspecimens,thescale
cameoffeasily,andthereforereductioninmetalthiclmessby thelight
sandblastthatwasrequireddidnotsignificantlyaffecttheloss-in-
thicknessmeasurement.

Inmostoftheteststhecorrosionoftheslloyswasofa pitting
type, makingaccuratethicknessmeasurementsdifficult.A ball-probe
micrometerwasusedtoreduceerrorsfromthissource.Thesmall

(1 in.-diam.i6- )probepenetratedthepitsand,bytakingthreereadings
acrossthespecimenwiththeball-probemicrometerandonereadingtith
a regularmicrometerhavinga flatface, an arbitrarilyweightedaverage
wasobtained.

Itwillbe notedthatthedataintable3 (andfigs.4 to 6)donot
showanyconsistenttendencytowardincreasedcorrosionwithincreased
temperature.Indeed,ina numberof cases,theop~ositetrendis shown.
Suchresultsarenotunususllincorrosionstudiesofalloysand,in
fact,oneexampleofgreaterattackby theproductsofcombustionof
leadedfuelsatlowtemperaturethanathightemperaturewasobserved
byHeron(reference4-)forcalorizedlow-carbonsteel.Heronreported
thattherewasno attackby theleadcompoundsonthecalorizedtubes
usedinthebluw-torchtestsh thehotzone,yetthedischargeendof
thetube,whichoperatedat a lowertemperature,showeda fairlyheavy
formationofloose,rustyscsle.Inthepresentwork,greaterattack
wasnotedat1~0° F fortheuncoatedandpreoxidizedspecimensof

—..—.— . —._._ —.
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Inconel,H.S.21,andS-816than
t~ dI.OYS, 19-9DLWAISI me
thesetwotemperatures.

wasfoundat1650°F,
347,showedaboutthe
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whiletheother
ssmeattackat

Beforecomdeteacceptanceoft~se testdataontheeffectoftest
temperatureon~hedegree-ofattack,however,itisnecessaryto con-
siderthepossibilitythat,atthehighertemperatures,theconcentra-
tionofthePbBr2inthefurnaceatmosphereprobablydroppedoffmore
rapidlywithtimethanwasthecaseatthelowertemperatures.WilJses
(reference6)givesthefollowingvaluesforthevaporpressuresofPbBr2:

Temperature
(OF)

12m

1500

1680

Vaporpressure
(m ofHg)

n

200

760

Thus,at1650°F, itispossiblethatthel-gramchargeofPbBr2would
leavethefurnaceinsmatterofminuteswhileat1350°and1500°F the
ssmel-grsmchargewouldbe feedingfumesintothefurnaceatmosphere
fora considerablylongerperiod,orpossiblythroughouttheentire
l-hourheatingperiod.Therefore,it isatleastpossiblethatthe
greaterattackatthelowertemperaturesinthepresentworkmayhave
beencausedby theseconcentrationvariables.

Figures4 to 6 showthatpreoxidationfor4 hoursinanairatmos-
phereatthetesttemperaturetendstoretsrdtheattackon ticonel.
Theshapeofthecurvesindicatesthattheoxidescalehassomeprotec-
tivepropertiesduringtheftisthourortwobutthatoncethisprotec-
tivebarrierispenetratedtheattackprogressesequaK1.yasfastas
whenno oxidescaleispresent.Thecersmiccoatings,ontheother
hand,areapparentlyresistanttopenetrationandmaintainedtheir
effectivenessthroughouttheentire6-hourtestperiod.Table3 shows
thatthepreoxidizedspecimenshada loweraveragelossinthiclmess
thantheuncoatedspecimensexceptforAISIType347and19-9DLat1650°F
andS-816at1350°F.

Figures7 and8 showthemicrostructureofuncoatedspecimensof
thefivealloysafterthe6-hourtreatmentat1500°F. Theattack
mechanismforuncoatedS-816,H.S.21,sndInconelappesrstobemostly
a surfacecorrosionwithoutanyappreciablepenetrationofthecorrosion
mediumintotheafloystructure.tithecaseofAISI!&pe347and
19-9DLstainlesssteels,however,corrosionby leadcompoundshas

.—— —— —
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apparentlycausedan intergrsnulartypeof corrosion,leavinga spo~
layernesrthesurface.Figure7 showsthesetwoalloysinImththe
etchedsndunetchedconditions.

Itis significantthatthespectrochemicalanalysis(seetable4)
showsonlya smallquantityofleadinthescalefromAISIType347
and19-9DL~OyS. InasmuchasAISIType347and19-9DLshowthe
greatestaveragethicknesslossesat15~0 F, itmaybe concludedthat
inthecaseofthesetwoalloystheleadcorrosionmediumhaspenetrated
intothealloystructure.Heron(reference4)foundthatwhenaluminum
sheetwassubjectedtomoltenPbBr2a fairlyheavyattackresultedand
thescslewasadherent.He alsofoundthatthePbBr2waslargely
reducedtometalliclead.Accordingto Graham(reference9),whonoted
a similarreductionbeginningattemperaturesas lowas 635°F, thePb&2
reactsdirectlywiththealuminumtoformanhydrousalumtiumbromide
andelementallead.‘Althoughno experimentalevidencewasobhined,
itisconceivablethatinthisstudya similarreductionmayhave
occurredwiththetwoslloysofhighironcontent,AISI!&pe347
and19-9DL.

Themechanismoftheattackby thepresenceofPbBr2vaporinan
airatmosphereonS-816,H.S.21,andpossiblyIhconelisbelievedto
be ofa typedescribedinanearlierstudyatthislaboratoryonthe
high-temperaturecorrosionofvariouscompoundsonfourheat-resistant
slloys(reference10). Thespectrochemicalanalysis(table4) showed
measurablequantitiesofleadpresentinthescalesfromthesethree
alloys. Itispossiblethatthiscontaminantcouldhavedestroyedthe
tight,@perviousnatureofthescalethatwouldnormallyformsmd,by
sodoing,alloweda morerapidoxidationto takeplace.Also,the
retardationofattackduringthefirsthourortwofortheprebx.idized
specimens(seefig.4 to 6) canbe explainedby postulatingthata
certaintimeisrequiredforthePbBr2toreactwiththepreviously
formedscaleandcauseitto loseitstiperviousness.

Wilkes(reference6)reportsthate~eriencewithjet-engine
combustionchambersshowedmuchgreatercorrosionifleadedfuelswere
used. Thecombustionatmosphereinthiscasecontainsa highpercent-
ageofo~gen,approachingthatofah. Wilkesascribesthismore
rapidattackwithleadedfuelstothecorrosiveeffectsofairplusthe
acceleratingeffectsofPbO. b thelightof thepresentstudy,it is
believedthatPbBr2inthecombustiongasesratherthanPbOmaybe the
compoundcausingtheacceleration.

ThefindingsofKirtchik(reference5)thatPbBr2fumes,by them-
selves,donotcauseanysignificantcorrosionofthesurfacesofheat-
resistingalloysisnotinaccordwiththeresultsofthepresentstudy.
InKirtchik’swork,purePbBr2wasdistilledoutofa smallfused-silica

. .—. _——— -———-—— - .—.
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retortandthefumeswereallowedtopassoverthealloyspectiens
whichwereheatedina 10-inch<fused-silicatubewitha &inch inside

dismeter.ThetesttemperatureswerelJOOO,1200°,1300°,1400°,
and1500°F. A @ssfbleexplanationofthefactthatonlyveryslight
corrosionwasnotedundertheseconditionswasbelie~dj*er corres-
pondencewithMr.Kirtchik,tohavebeentheabsenceofairinthe
furnacetubeatmosphere.E thisbeliefis correct,thenitfollows
thatthepresenceofan oxidizingatmospheremaybe essentialforthe
occurrenceofthePbBr2attack.Inanyevent,furtherworkonthe
effeciofatmosphereistidicated.Anotherpossibleexplanationfor
thedifferenceinresults(alsoestablishedby correspondence)wasthe
presenceof anoxidefilmonKtrtchik’sspecimens.Al-1ofhisspecimens
hadbeenannealedat1950°F followedby coolinginair. Theseoxide
films,as indicatedinfigures4 to 6,wouldhavehada tendencyto
mbit thecorrosiveattackfortheshorttestperiodsused(15to 20min).

TheconcentrationsofPbBr2inthetestfurnaceatmosphereinthe
presentstudy,whilenotaccuratelylmOWQ,~re probablymuch~gher
thanwouldbe encounteredinan aircrsftexhaustduringroutineopera-
tion. Itisbelievedpossible,however,thatundercertainconditions
relativelyhighconcentrationsofPbBr2intheexhaustgasesmaybe
encountered.Forexample,itmaybe expectedthatduringlow-load
engineoperationPbBr2woulddepositas a solidonthecoolerpsrtsof
theexhaustsystem2.Later}whentheengineis operatedunderhigher
loads,thesesamepartswouldbecomehotter,thedepositedPbBr2would
melt(meltingpoint,698°F),andthevaporswouldfeedintotheexhaust
stream,therebyincreasing,fora shorttimeatleast,thepbBr2con-
centrationinthegases.Also,ifpartofthedepositedPbBr2wereto
reacttiththealloysurface,orthescaleyatthetemperatureatw~ch
itdeposited,subsequentheatingto a highertemperaturewouldbe
expectedto intensifytheattack.tithisconnection,Hard.=~d
Nester,inanunpublishedstudyreferredtoby Heron)H=derj~
Nestor(reference7),foundduringexperimentationwitha products-of-
combustionfurnaceinvolvingtemperaturecyclingofthespecimensthat
leadcompoundsweredepositedduringthecoolingcycle.Subsequent
heatinggavemuchmoreattackthanwasobtainedby vapor-phaseeqosure.

(,

2DepositedPbBr2hasbeenobservedinthecaseofheatexchmgers
forheavybomberswhichwerecutfromaircraftafterbeingin service
forrelativelyshort‘periods.Whenthesep~s weresentforceramic-
coatingapplication,considerablequ=titiesofpbBr2~re fo~d ~
thosepartsoftheexchmgerthatwouldbe eqectedto operateat a
relativelylowtemperature.Whentheexchangerwasheatedina furnace
to1500°F thismaterialmelted=d =porized~gi- offcoPiousfumes \

inthe.process.
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Further,therelativeorderofresistanceofa varietyofmaterials
testedby thistemperature-cyclingprocedurewasfoundtobemuch
closertothatobtainedinnormalengineoperationthanwasthecase
whenthetestwasmadeat constanttemperature.

b thepresentstudyno attemptwasmadeto simulateservice
operationwithinan exhaustsystemsincethemainobjectivewasto
deteminewhetherceramiccoatingswerecapableof inhibitingattack
byPbBr2inu airatmosphereovera temperaturerangecomparablewith
thatencounteredinane-st disposalsystemformodernaircraft.

,Thefactthatceramiccoatingssrebeingusedsuccessfullyforexhaust
stacksonpatrolbmbersandfortheheatexchangersonheavybombers
indicatesthattheyme slsoprotectiveagainst
occurunderactualserviceconditions.

SUMMARYOFRESULTS

corrosionthatmay

A studywasmadeofthecorrosiveattackoflead-bromidePbBr2
vaporsinsnairatmosphereonfiveheat-resistsmtaUoys (a)inan
uncoatedcondition,(b)ina preoxidizedcondition,and(c)withceramic
coatings.Thefollowingresultswereobtainedfromthisinvestigation:

,, 1.WhenPbBr2vaporwaspresentin
temperaturesof13500,15000,and1650°
uncoatedaK1.oysresulted.

appreciableconcentrationat
F, seriouscorrosionofthe

2.LargedifferencesintheresistanceofthedifferentsJJ_oysto
thePbBr2attackwerenoted.Uncoatedandpreoxidizedspecimensof
alloysS-816,H.S.21,andhconelweremoreresistantthanthetwo
auste.niticstainlesssteels,AISIT@e 347and19-9DL.

3.IYeoxidationofthealloyspriorto testretardedthecorrosi=
attackofthePbBr2fora shorttime,sfterwhichtheattackproceeded
atanundiminishedrate.

4.Theceramiccoatingsappearedtobe inerttothePbBr2fumes
endthussuccessfullyinhibitedthecorrosionofallthealloys
investigatedforthefulltestperiodof 6 hours.

NationalBureauofStandards
Washington,D. C.,June30,1950

_—.—



12 IIACATN 2380

HEFERlmm

1.

2.

3.

4.

5*

6.

7.

8.

9.

10.

DroegemuellerE. A.: CuttingAifcraftMaintenanceCosts.
Bull.NO.1b, A.S.T.M.,Oct.1947,PP.79-86.

Droegemueller,E. A.: BetterLeadScavengingNeededforAviation
Gasoline.BulI-.No.154,A.S.T.M.,Oct.1948,PP.53-56.

Downs,D.: LeadDistribution.Auto.Eng.,VO1.39,no.517,
Aug.1949,PP.304-30.

Heron,S.D.: High-PerformanceGasolineAircraftIh@ne. Its
problemsofFuel,Oil,andMaterialsof CylinderConstruction.
!l?rans.A.S.M.E.,vol.2,no.4,1930,pp.233-253.

Kirtchik,H.: IntergramilkrCorrosionDetermination.TheIronAge,
vol.159,no.10,March6,1947,pp.67-70.

Wilkes,G. B.,Jr.: Stress-CorrosionTestsonTurbo-Supercharger
MaterialsintheProductsofCombustionofLeadedGasoline.
SymposiumonCorrosionofMaterialsatElevatedTemperatures, L.
A.S.T.M,June1950. (SpecialTech.Pub.No.108.)

Heron,S.D.,Harder,O.E.,sndNestor,M.R.: ExhaustValve
.

Materialsfor~ternalCombustionEngines.SymposiumonNew
.Materialsin!IYansporktion,A.S.T.M.(Detroit),March6, 194-0,
PP.1-26. (Issuedas separatepub.,STPNo.44.)

Heron,S.D.: Monograph- EnginePerformancewithHighOctane
Number~ls. EthylCorp.,Feb.1949.

Graham,R.: TheEffectofLeadBromideonAluminum
AviationNews,no.144,June1950,pp.18-21.

Moore,D. G.,Richmond,J.C.,andHarrison,W.N.:
AttackofVsriousCo&pounds”onFourHeat-Resisting
NACATN1731,1948.

Alloys.Shell

High-Temperature
Alloys.

.

———. — — —-——- —



13
..

.
TABLEl.- REPRESENTATIVECOMPOSITIONSOFFIVE

HEAT-RESISTANTALLOYS

Partsby weightof -
Alloy

c Cr Ni co Mo w m Fe

Inconel 0.05 14 78 -- --- --- --- 7

S-816 .4 20 20 44 4 4 4 3

H.S.21 .2 28 2.5 62 5.5 --- --- 1

AISIType347 .08 18 10 -- --- --- .8 71

19-9DL .2 19 9 -- 2 1.2 --- 67

. .

.
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m 2.-cc+mKmKmmAPPLIcATImm FoR
CQlM5C~G3 A-19,A-417,~A-520

(a)Cc=9tingcmpositione.

Rit 1
FritI.1
Mt.331
C&l!aictide
Cqn?icaide
Blackcobaltodd’
Calc.i.nedalmd.na
~w ‘=@
Citiicacid
scam nitrite
Water

$::
-——
-----

2s
loo

.05
-—
~.o

-—-
-—-
70.0
30.0
-—-
---
----
5.0

-—-
----
48.0

(b)APPMcationdata.

A-720

-—---
-----
go.o
----.
10.0-----
-—--
6.0

--—-
.Q5

45.0

1,

coating
Spclficatlom

A-19 A~lT A-m
~ flmmaaa 0.4
2pcificgravieofSllpforUpping

,.
1.&62 1.7&l.& 1.8;?.9

Rc~aM firedtbitiss,*
%$

1.5-2.5 1.5-2.5
Fi.1-lng~m, ?F lW

F,
%ramconaHo.~U. S.WandardSieveusinga 5Gmle4mplaofslip.
%Hriw ~tura ofti” F . commendadforap@lcatiOnto

low-ca.rlmn6W .

(c)Ccqmtedaidsc!mpositlonof&its.

Percentbyweightin-
&de

Frit1 h-it11 Prit331.

Si+ 49.9 49.2 3.0
%’33 7-7 7-7 ---

%?3 17.5 17.4 6.5
n+) 15.3 19.2 ----
GO 4.9 4.5 -—-
Bao -—- ---- 44.0
Cao 8.4 2.9
w -—- -—- ;::
w -—- 2.9
F2 -3> .4 ----
cd .6 .6 ----
19io .5 .7 -—-

1.2 1.4 ----
1oo.1 103.0 m.o

“

—–— .—.———
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TABLFI3.- AVERAGEmss m mcmms AT 1350°,15m0,m 1650°F

FORm moYs, Bm m m mom co~nws, mrm 6 Houm

OFHEATINGINANAIRATMOSPHERECONTAININGPbBr2VAPOR

Averagelossinthickness

Alloy coating inroilsat -

1350°F 1500°F 1650°F ,

Inconel None a~.6 a6.2 al.6
Oxide a.9 a4e4 al.5
A-417 .4 .3 .4
A-520 o 0 .6
A-19 o .2 .4

AISIType347 None 9.1 9.8 8.4
Otide 8.4 8.9 10.8
A-417 o .2 .2
A-520 .2 ●5 .2
A-19 o .2 0

S-816 None 1.2 2.5
Oxide 1.9 2:; 2.1
A-417 o .5 1.0
A-520 o .6 .9
A-19 .4 .8 .8

H.S.21 None 3●.7 3.5 2.4
Oxide 2.5 2.2 1.5
A-417 .1 1.0 .3
A-520 o .6
A-19 .2 :: ●5

19-9DL None 9*9 10:1 10.2
Oxide 5.8 8.1 10.7
A-417 .4 1.1 1.0
A-520 o .7 .3
A-19 .2 ●5 .5

aAver&eof sixs-pech.ens,allothervaluesqreaveragesof
twospecimens.

T

—.— —. -z
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TABLE4.- SPECTRCK!BEMICALANALYSESFORIJ!lUlINBOTHSCALELAYERAND

UNDERLYINGSURFACESOFUNCOATEDALLOYSAFTER6 HOURS’lIFATING

AT 15~0 F INANAIRATMOSPHERECONTHNING PbBr2VAJ?ORS

Estimatedleadcontent

Alloy Seale
(percent(~weight) Alloysurface

(2)(3)

Inconel 0.001- 0.01 Leaddetected

AISIType347 .001- 0.01 Do.

19-9DL .@l - 0.01 Do.

H.S.21 .1 - 1.0 Do.

S-816 .1 - 1.0 Do.

.
%mple usedforanalysisconsistedofthescalethatwas

removedfromspecimenaftercooling.
2Alloysurfacecleanedofallvisiblescaleby a light

sandblast.
%mpossibleto est~te relativeamountsof leadbymethods

used.

.

.

. . ——-
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/A

I Thermocouple -

Indk3s

o
-

Figure1.-Diagrammaticsketchoffurnaceequipmentusedforexposure
of coatedanduncoatedalloyspechsnsto corrosiveattackof
PbBr2vaporsinanairatmosphereatelevatedtanpratures.The
PbBr2wasintroducedtitothefurnaceatl-lknrcintervalsby
placingitonthebottominsulating%lockwithoutallowingitto
touchspecimens.

. ..-. —.—z. —.—— ——- -—. .-— —. . ..—.
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.

0

Uncoated Preoxidized A-417
coated

L{’j;

i

Before
treatment “

L.—.-

After6 hours’
PbBr2 treatmenti

at1650°F (,J$,’”:”’
.

Figure2.-Appearanceofuncoated,preoxidized,andA-417coated
specbnensofAISIType347stainlesssteelbeforeandafter
6-hourPbBr2treatientat1650°F. Scalethatdroppedoffof
uncoatedandpreoxidizedspecimensaftertreatmentis shownat
bottomofphotograph.Mildflakingnearedgesof spscimen
coatedwithA-417occurredaftercoolingandisbelievedto
havebeencausedby initiallyhperfectcoverageontheseareas.
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o DEOIM31

/

(umcoated)

/

0,

/

o

/’” v
50 -

~

Inconel
(Ccaaliti

o .— — —-—.
o 1 2 3 4 5 6

TimeofPbBr2 h%atment,h

l?igura 3..LOSSinweightagainst treatment the for coated end
uncoated apecfmens of hcyel when expcmed im PbBr2 vapor in
au air atmosphereat 1500 1’.
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.{/~,-rco —(3 Incod
(Urwoakl)

-0 Incalel
o ---- -o”-–-”*-–- (OxMBmm)
----

1 2 9 ,4 6 6

‘rimeofPbBr2 tcm.tient,h

Figure4.-Averagelossh thickness against 15reatmnt time for
AT91 Type 347st~ assteelandInconelwhenexposedto
PbBr2 vqmrs inanairatmosphere at 1350°F. T& lower curve

is for Inconel wMch had been preoxidized by heatjng in alr for
k lmura at 1350°F.
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I
I

15CQ0F

/

AIsIType247
(cncoatsd)

,0

4-

2

0
0

TIJM ofPbBr2 beabnent,hr

Figure 5.-Average loss in thictmess agaimt treatment time for
AISI Type 347stainlesssteelandInconelwhen exposed to
PbBr2 vapors in an air atmosphere at l~” F. The lower curve
1s for Inconel which had been preoxidized by heating in air for
khours at 1500°F.
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2

16500 F

/’
AlsI!t’y pew
(Unmabxl)

o“ JLanel

.&. ,+-F J2==- (yo~)(oxidefilm)

---- I v--
0 1 2 3 4 5 6

Time ofPbBr2 traatment,hr

Figure 6.-Average loss in thictiesa again~t treatment time for
AEI Type 317atalnleE~eteelandInconelwhenexposedto
PbBr2 vapors in an air atmosphere at 16’jO0F. The lower curve

is for Inconel which
4 hoursat 16500F.

had been preoxidized by heating in air for

,
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.

AISIType347 19-9DL

Scale

Spongy
layer

Alloy

Unetched Unetched

Scale

Spp:

Alloy

.—
Etched=3&KZ7

Figure7.- PhotomicrographsofuncoatedspecimensofAISIType347
snd19-9DLstainlesssteelstiter6-hourexposureto l?bti2vapors
inanah atmosphereat1500°F. Lowerpicturesshowstructure
sftera chemicaletchwitha mixtureofhydrochloricandchromic
acids,X500.
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rnconel

. .

S-616

. -- ...
-. .

. .

Unetched

a . .,
. .

3>,.

.’
...

1
4

. .

Unetched

I

-,,” . “

.? ’-” t..

l.’
..

.,-L.; L- .;’ .’
‘., ‘“”k’ t. ...’.’ f1

H.S.21

— Alloy

Unet5he7.1

Sc9Je

Alloy

Etched Etched ‘tihdv
Figure 8.-Photomicrographsofuncoatedspcfmens of Inconel, S-EL6)

andH.S.~ alloysafter6-houre~sure to-P ~aporab an air

atmosphere at 1~0° F. Lower pictures show stmu&ue of S-816and
H.S. Z!.after an electrolytic etch with a mixture of hydrochloric
and cbromlc acids and of’bconel after an electrolytic etch with
oxalic acid. The scale formed on ticonel was nonadherent and fell
off the speclmma durhg cooling, Em.


